Objective: Given that weight gain patterns in adolescents receiving outpatient Family-Based Treatment (FBT) have not been characterized, the purpose of this study was to examine trajectories of weight gain in a group of adolescent patients with a restrictive eating disorder [e.g., anorexia nervosa (AN) and atypical AN] receiving FBT. This study also examined the association of patient characteristics with weight gain trajectories, including age, diagnosis, weight suppression, presenting BMI-for-age percentile, and eating pathology.
| INTRODUCTION
Weight restoration is a well-established requirement for the resolution of both physical and psychological symptoms in the treatment of adolescent anorexia nervosa (AN) (Accurso, Ciao, Fitzsimmons-Craft, Lock, & Le Grange, 2014; Couturier & Lock, 2006) . Failure to return to a healthy weight can delay normative developmental processes, as well as contribute to medical comorbidities of the eating disorder.
Similarly, research on predictors of outcome in Family Based Treatment (FBT)-the gold-standard treatment for adolescent AN-has consistently found early weight gain to be associated with good prognosis (Doyle, Le Grange, Loeb, Celio Doyle, & Crosby, 2010 ; Le Grange, Accurso, Lock, Agras, & Bryson, 2014; Madden et al., 2015; Swenne, Parling, & Salonen Ros, 2017) .
Given the importance of rapid weight gain, the first stage of FBT is primarily focused on weight restoration. During this stage, parents are empowered to take charge of monitoring all meals, and are charged with maximizing weight gain as the main goal. Although there is general agreement that weight gain is crucial in the treatment of AN, there has been less clarity with regards to optimal or expected weight gain trajectories in this population. Very few studies have looked at weight trajectories in outpatient samples. Though early studies, largely conducted with adult inpatient samples, have found rapid weight gain was linked to poorer outcomes, which was hypothesized to be due to challenges with patients "assimilating" the gain both psychologically and physically (e.g., Herzog, Zeeck, Hartmann, & Nickel, 2004) , recent studies have challenged the idea that slow rate of weight gain is desirable (e.g., Castro, Gila, Puig, Rodriguez, & Toro, 2004; Garber, Michihata, Hetnal, Shafer, & Moscicki, 2012) .
Although the optimal rate of weight gain to support recovery is an empirical question, rate of gain-even in highly regulated residential or inpatient settings-may not be subject to control of the treatment team. Weight gain in adult patients with AN placed on a standardized inpatient refeeding protocol has been found to be highly variable (Hart, Abraham, Franklin, & Russell, 2011) . Research suggests that individual characteristics have a considerable influence on both the rate and absolute amount of weight gain in patients with eating disorders (e.g., Karlsson, Clinton, & Nevonen, 2013 ).
Weight suppression is one factor that has received empirical attention as potentially influencing rate of gain in treatment. Weight suppression is defined as the difference between an individual's highest weight and either current or lowest weight (Lowe, 1993) . Compared to those with low weight suppression, adults with high weight suppression have been found to gain more weight in treatment at a faster rate, regardless of presenting BMI (Berner, Shaw, Witt, & Lowe, 2013; Carter et al., 2015; Wildes & Marcus, 2012) . However, the relationship between the amount and rate of weight gain and treatment outcome is unclear. One of the few studies on weight suppression in adolescents found that high weight suppression was associated with higher BMI at 6-and 10-year follow-ups (Witt et al., 2014) . A study of adolescents found that high weight suppression was associated with a lower likelihood of return of menses, an important indicator of treatment outcome (Seetharaman et al., 2017) . Given the lack of information on weight trajectories in treatment, this study examined patterns of BMI-for-age percentile changes in adolescents with AN, atypical AN, or sub-threshold AN receiving outpatient FBT. To our knowledge, only one previous study has looked at characteristics of weight gain and loss in adolescents, using a sample of patients with AN being readmitted for inpatient hospitalization (Lay, Jennen-Steinmetz, Reinhard, & Schmidt, 2002) . Although this study did not examine different weight or BMI-for-age percentile trajectory profiles, they found that specific weight curve characteristics, including velocity of BMI increase, were related to weight changes after discharge. Given that this study looked at weight gain among individuals with eating disorders in an inpatient setting, it is unclear whether these results could be useful in describing patterns of weight gain in outpatient settings. This is the first study examining patterns of weight gain in a sample of adolescents with AN treated in an outpatient setting. In particular, we were interested in weight gain patterns among adolescents receiving FBT, as this modality specifically emphasizes parent-driven weight restoration as a main priority. It also is the first study looking at patient characteristics associated with patterns of weight gain.
Although this study was largely exploratory in nature, the existing literature supports several theories about weight gain trajectories.
First, given evidence that higher weight suppression is linked to a faster rate of initial gain (Berner et al., 2013; Carter et al., 2015; Wildes & Marcus, 2012) , it was hypothesized that patients with higher weight suppression would experience a steeper initial weight gain trajectory as compared with patients with lower weight suppression. Similarly, based on research that links higher presenting BMI to more rapid recovery during and after treatment (Strober, Freeman, & Morrell, 1999) , early steep weight gain trajectories were hypothesized to be more likely in adolescents with atypical AN than AN.
| METHOD
Participants included 153 youth, up to age 18, evaluated at The University of Chicago (n = 120) and the Mayo Clinic (n = 33), two academic medical center-based outpatient eating disorder programs. All 
| Intervention
All participants received outpatient FBT and were excluded if they were hospitalized for their eating disorder at any time during the course of therapy.
| Assessment
Basic demographic (e.g., age and gender) and clinical information (e.g., duration of illness and psychotropic medication use) were collected during the intake interview.
| Weight and height
Patient weights (without shoes in light indoor clothing) were taken on a regularly recalibrated scale at all sessions. For the purpose of this study, weights were pulled from those measured at sessions closest to the following times: baseline, sessions 1 through 6, month 3, and month 6. Height was also regularly measured. Percent of median BMI according to Center for Disease Control (CDC) norms for age and gender (Department of Health and Human Services, 2002) was calculated for each participant at each assessment time point. Weight/height history was also examined using growth charts when available and self-and parent-report in order to identify highest historical BMI-forage percentile (to be used in determining weight suppression). For this study, participants who had received a diagnosis of Eating Disorder Not Otherwise Specified, who were above the 15th percentile BMI for age at presentation, but engaged primarily in restrictive eating and were at a low weight as defined in the context of developmental trajectory and physical health were reclassified as having atypical AN.
| Eating disorder examination-questionnaire
Adolescents completed the eating disorder examination-questionnaire (EDE-Q) at intake (Fairburn & Beglin, 1994) . The EDE-Q consists of 28 items assessing eating disorder attitudes and behaviors in the past month rated on a scale from 0 to 6. The self-report questionnaire has been shown to have good reliability (Rose, Vaewsorn, Rosselli-Navarra, Wilson, & Weissman, 2013) and validity (Mond, Hay, Rodgers, Owen, & Beumont, 2004) . The measure yields a Global scale and four subscales (Restraint, Eating Concern, Weight Concern, and Shape Concern). Higher scores indicate greater eating disorder symptom severity.
| Analyses
Latent growth mixture modeling (Muthén & Khoo, 1998; Muthén & Muthén, 2000) (LGMM) was used to identify distinct weight gain trajectories, as defined by change in BMI-for-age percentile, for youth with AN or atypical AN. This statistical approach assumes that a sample is comprised of subgroups, which can be characterized by unique growth curves or trajectories (Wiesner, Weichold, & Silbereisen, 2007) . All available data were included in analyses.
Mplus 3.12 software (Muthén & Muthén, 1998 was used to estimate the LGMM models. Preliminary analyses revealed that models required an intercept, as well as linear, quadratic, and cubic effects to adequately characterize weight gain trajectory classes, using participant as a clustering variable to account for repeated weight observations within participants. Separate model components were estimated for each class, and individual variation within class was allowed for the intercept, linear, and quadratic components. The variance of the cubic component was set to zero to facilitate model convergence. As a result, the LGMM models estimated both mean growth curves for each class as well as individual variation around these growth curves (Muthén & Muthén, 2000) .
The optimal number of classes was determined based upon four separate fit indices. The Bayesian information criterion (BIC; Schwarz, 1978) determines model fit based on log likelihood, sample size, and number of parameters in the model. The adjusted BIC (aBIC; Sclove, 1987) , which is an alternative form of the BIC, includes a correction for large sample size. The Akaike information criterion (AIC; Akaike, 1987) evaluates model fit based on log likelihood and number of parameters in the model. The Consistent Akaike information criterion (cAIC; Bozdogan, 1987 ) is based on the AIC and includes a penalty for models with more parameters. All of the information criterion indices above were used for comparing plausible models with the lowest values indicating the best fitting model.
Chi-square tests and one-way ANOVAs were used to compare latent classes with respect to treatment center, gender, age, diagnosis (AN vs. Atypical AN), duration of illness, initial BMI-for-age percentile, highest BMI-for-age percentile, and BMI-for-age percentile suppression (difference between highest and current BMI-for-age percentile), global eating disorder psychopathology, weight concern, use of atypical antipsychotics, and number of treatment sessions.
| RESULTS
Participants were primarily non-Hispanic White (n = 145, 86.3%) girls (n = 136, 88.9%) with a diagnosis of either AN (n = 84, 54.9%) or atypical AN (n = 69, 45.1%). A minority were Hispanic Whites (n = 21, 13.7%), Black or African American (n = 3, 2.0%), Asian (n = 2, 1.3%), or >1 race/ ethnicity (n = 2, 1.3%). Mean age was 14.73 years (SD = 2.28) with a mean duration of illness of 14.59 months (SD = 15.84) and mean BMI- sions. Data were available for 84.3% (n = 129) of participants at 3 months and 68.6% (n = 105) of participants at 6 months. Of those for whom data were not available, 4.6% (n = 7) and 11.1% (n = 17) were missing data due to terminating treatment prior to 3 and 6 months, respectively.
The remaining data were missing due to weights not being available at those time points in treatment.
| Classification of weight gain trajectories
The 5-class LGMM was the best fitting model, with three of the four information criterion indices (BIC, aBIC, and AIC) at their minimum for this model compared to the models with 1-4 classes (see Table 1 ).
The AIC reached its minimum for the 4-class model. Given the Table 2 for model parameters). As shown in Figure 1 , the mean weight trajectories across time by class represent five distinct classes. Given relatively small changes in height (cm) at 3 (M = 0.29, SD = 0.96) and 6 months (M = 0.87, SD = 1.68) and the fact that mean change in height was not associated with class, height change was not accounted for in these models other than how it factored into the calculation of BMI-for-age percentile.
Class 1, labeled "Slow and steady gains," is characterized by low initial BMI-for-age percentile that improves slowly and steadily; on average, youth in this class achieved a BMI-for-age percentile just below 40 after 6 months of FBT. This represents the largest class and accounts for approximately half of youth (48.4%, n = 74). Class 2, labeled "Moderate gains with mid-treatment maintenance," is characterized by moderate initial gains in BMI-for-age percentile that very slowly leveled off to maintenance by 3 months into FBT. This class accounts for about one quarter of all youth (24.8%, n = 38). Class 3, labeled "Dramatically rapid early gains that stabilize at the 65 th percentile," is characterized by substantial gains in BMI-for-age percentile from below the 5th percentile to the 80th percentile within six sessions of FBT, followed by loss to the 60th BMI-for-age percentile by 3 months and ultimately stabilization around the 65th BMI-for-age percentile by 6 months of FBT. This trajectory is only representative of 2.6% (n = 4) of youth, but classifies a distinct-albeit rare-pattern of weight gain. Class 4, labeled "Maintenance at the 60th percentile,"
is characterized by youth who have an initial BMI-for-age percentile above the median (60) and steadily gain a small amount of weight that returns to their initial BMI-for-age percentile by 3 months of FBT. This class accounts for 18.3% (n = 28) of youth. Finally, Class 5, labeled "Rapid gains with early stabilization," is characterized by early rapid gains in BMI-for-age percentile that peaks at session 6 of FBT and remains very stable thereafter (5.9%, n = 9). Both Classes 2 and 5 stabilize just above median BMI-for-age. Model parameters for one-, two-, three-, four-, and five-class solutions 1 (p = .012). Similarly, BMI-for-age percentile suppression (difference between highest and current BMI-for-age percentile) differed by class 
| Predictors of weight gain trajectory class

| DISCUSSION
The purpose of this study was to determine patterns of weight gain, as defined by change in BMI percentile for age, in young patients with restrictive eating disorders receiving FBT. The findings suggest that weight gain is highly variable in FBT for AN. The best-fit LGMM model suggests that there are five distinct weight trajectory profiles for these adolescents. Although more research is necessary to understand predictors of weight gain trajectories in restrictive eating disorders and how they relate to treatment outcome, the identification of these trajectories has implications for clinical practice, including preparing caregivers for expected weight gain trajectories early in treatment to minimize frustration and burnout.
Interestingly, preliminary findings from this study did not support the hypothesis that individuals with atypical AN would have weight trajectories characterized by early steep weight gain. In fact, patients in Class 4, which was characterized by the shallowest slope of gain, had significantly higher rates of atypical AN as compared to other classes. Additional study is needed to clarify whether this pattern of weight gain in these patients represents treatment success or failure to establish true weight restoration.
Consistent with the literature, this study suggests that high weight suppression may be linked to early, rapid weight gain. Class 4 had less weight suppression as compared to Classes 2 and 3, but not Class 1. However, the lack of significant weight suppression in Class 5 is counter to what was expected. Regardless, patients with higher weight suppression were more likely to have a large initial surge of weight gain, as seen in Class 3, or at least have treatment and weight gain proceed in line with expectations, as seen in Class 2. In other words, highly weight suppressed adolescents have the potential for rapid and greater weight gain, and clinicians should prepare caregivers for this possibility so that when it occurs, they do not react to it as problematic and inadvertently diminish progress.
Class 1, characterized by slow yet steady rates of gain, represented the largest group of patients. Without outcome data, it is unclear whether this class is associated with treatment success or failure, though the group had significantly more patients fail to reach an early weight gain cut-off point of 6.5 pounds in 4 weeks. Because it has been well established that early weight gain within the first 4 weeks of treatment is strongly linked to an increased probability of success in FBT (Doyle et al., 2010; Le Grange et al., 2014; Madden et al., 2015; Swenne et al., 2017) , in addition to the potential for family burnout and diminished quality of life associated with longer treatment duration, this profile might represent a subset of adolescents who would ultimately benefit from more intensive or adapted interventions, but who advance-albeit more slowly-in FBT.
These patients tended to be a bit older and were more likely to have AN, as opposed to atypical AN. Class 1 individuals also endorsed less weight and shape concerns than other groups. It is possible that this slightly older patient group represents a more "savvy" treatment group, who, despite presenting at very low BMI percentiles, are better able to minimize symptoms and thus less likely to report all cognitive symptoms on a self-report measure. This may be linked to slower treatment progress, as this lack of expressed cognitive symptoms may impede parents' ability to recognize the seriousness of the eating disorder. Consequently, parents might be more ambivalent about the need for aggressive refeeding, targeted weight restoration, and intensive parental meal monitoring, as is crucial in stage 1 of FBT.
Class 2, representing the second largest group, was more consistent with what might be theoretically considered a textbook treatment response. This group was characterized by initial moderate weight gain that leveled off, potentially at their set point range,
though without end-of-treatment outcome data, this remains speculative. This group was marked by moderately low BMI-for-age percentiles, levels of weight suppression, and EDE-Q scores; in other words, their presentation on a range of metrics was typically in the middle of that of the larger sample. Early responders were significantly more likely to belong to this group as compared to Classes 1 and 4. It is possible that this Class was in a clinical "sweet spot"-severe and typical enough to prompt recognition and action from parents without being overly severe so as to cause disproportionate challenges to implementing FBT.
Though it represented a small group of patients, Class 5 was similar to Class 2 in its steady and steep weight gain, as would be expected from a successful course of FBT. Initial gains were followed by weight leveling off at what potentially is a set point range, though again, without outcome data, this remains speculative. As compared to Class 2, initial gains were somewhat more rapid, but overall the trajectories began and ended near the same place. Of note, this group was entirely comprised of early responders, or those who reached a threshold of 6.5 pounds in 4 weeks. Consistent with the findings that FBT is particularly effective for younger patients, members of this class were also somewhat younger, which might explain why their initial weight gain progressed so quickly.
Despite being the smallest group, Class 3 was robust across numerous models. The group was characterized by a large, rapid initial surge in weight, and then what appears to be a regression to the mean, with weight decreasing to near the 60th percentile. This was a significantly younger group, with fewer cognitive symptoms (which may be related to their younger age) as compared with other classes.
This group was also entirely comprised of early responders to treatment. Although there was insufficient power to determine statistical significance, Class 3 descriptively had the highest BMI-for-age percentile of any group, a finding that requires replication in larger studies.
The question of whether Class 3's ultimate drop in BMI-for-age percentile is beneficial is complicated by irregularities in calculating target or expected body weight (Le Grange, Doyle, et al., 2012; Le Grange, Lock, et al., 2012; Lebow, Sim, & Accurso, 2017) . It should also be noted that it is unclear whether the subsequent dip in BMI-for-age percentile is related to actual weight loss. Speculation that this decrease in BMI might be related to patients recouping height deficits was not borne out by data, as this class did not differ from the others in mean change to height.
Class 4 was much larger, and was characterized by weight maintenance, or a small amount of gain around the 60th percentile. Again, it is unclear whether this represents a treatment failure or if these were a group of adolescents who needed only a small amount of weight gain to reverse physical, behavioral, and cognitive eating disorder symptoms. Interestingly, this group was characterized by significantly higher rates of atypical AN and the highest scores on the EDE-Q. A recent case series by Hughes, Le Grange, Court, and Sawyer (2017) found that patients with atypical AN treated with FBT experienced significant decreases in eating disorder symptoms with no significant change in percent of median BMI for age and gender. Authors concluded that these individuals may have needed less weight gain to be fully restored, suggesting that adolescents in Class 4 might represent treatment success, despite the relatively small amount of weight gain.
Conversely, however, some data suggest that individuals with atypical AN are identified later in their illness trajectory and typically have a larger decrease in BMI between illness onset and presentation for treatment (Lebow, Sim, & Kransdorf, 2015) , suggesting these patients do need substantial weight gain to return to baseline. It should be noted that, similar to Class 1, this group had significantly fewer early responders with regards to weight gain as compared to Classes 2, 3 and 5. It is possible that, since patients in Class 4 tracked higher than average BMI from the beginning of treatment, parents or even providers, were never wholly convinced these patients needed weight restoration consistent with their historical growth pattern, and may not have pushed FBT to a degree commensurate with other classes. In this way, the relatively flat weight trajectory might be interpreted as representing premature discontinuation of weight restoration.
A notable limitation of this study is the small sample size. Further, there were an exceedingly small number of participants in Classes 3 and 5, so the solution is not very robust. An additional limitation is the lack of long-term outcome data, which restricts our ability to draw conclusions about optimal weight trajectories. Given the sample size and statistical methods used, this exploratory study provides several possible hypotheses about factors associated with weight gain trajectories that should be tested with larger samples in future studies. Further, as this sample of adolescents was restricted in age and to those participating in FBT within two academic medical centers, it may not represent patients of a broader age span, within other types of outpatient treatment, or treatment settings. Finally, because we do not have access to data on treatment outcome, it is unclear how these weight trajectories relate to re-nourishment or remission. As a result, future research to elucidate these relationships is necessary.
Despite these limitations, this study represents the first attempt to clarify the ways in which weight restoration occurs in outpatient settings. Given that a major part of the clinician's role in stage 1 of FBT is to assess rate of weight gain, having more information about typical rates and trajectories of weight gain in treatment for adolescent AN has substantial clinical utility.
In summary, this study found five classes of weight gain trajectories among adolescents with restrictive eating disorders treated with FBT. Although we were not able to examine post-treatment outcomes associated with these classes, younger age and weight suppression were associated with more rapid weight gain trajectories. A pattern of steady, yet slow rate of weight gain was associated with older age and lower scores on the EDE-Q. Additional research with larger samples is needed to better understand patterns associated with outcomes. Such
